In 2004, the Infectious Disease Society of America (IDSA) classified diabetic foot infections (DFIs) as mild, moderate, and severe based on local and systemic manifestations of infection ([@B1]). Individuals with mild infections are typically treated as outpatients but some patients with moderate infections and all patients with severe infections require hospitalization and potential surgical intervention. The International Working Group on the Diabetic Foot devised a similar classification system ([@B1]). Severe infections are distinguished from moderate infections by the presence of systemic toxicity or metabolic instability (fevers, chills, tachycardia, hypotension, confusion, vomiting, leukocytosis, acidosis, severe hyperglycemia, or azotemia). A validation study of the IDSA classification demonstrated that as infection severity increased, there was an increased risk of amputation and hospitalization ([@B2]). Neither the initial guideline nor the validation study precisely defined what constituted leukocytosis, tachycardia, hypotension, severe hyperglycemia, or azotemia ([@B1],[@B2]). Recently, the IDSA updated their guidelines and recommended using systemic inflammatory response syndrome (SIRS) as a method for distinguishing between moderate and severe DFI ([@B3]). To the best of our knowledge, the use of SIRS has not yet been validated as a method of discriminating between moderate and severe DFI.

The aim of this study was to classify infection severity in a group of hospitalized diabetic patients based on the presence or absence of SIRS. The reason for hospitalization in this group of patients was their DFI. Our hypotheses are that patients with DFI who manifest SIRS (i.e., severe infection) will have longer hospital stays and higher rates of major amputation than patients who don't manifest SIRS (i.e., moderate infection).

RESEARCH DESIGN AND METHODS {#s1}
===========================

After approval by our local institutional review board, the database of a single academic foot and ankle program was reviewed for patients hospitalized with a DFI from 2006 to 2012. Inpatient and outpatient electronic medical records were reviewed, and 119 patients were identified. We used the IDSA guidelines to classify infection severity ([@B3]). Mild infections were defined as having an infection that was limited to the skin and subcutaneous tissues with erythema of \<2 cm ([@B3]). Moderate infections were defined as local infection with erythema \>2 cm or involvement of structures deeper than the skin and subcutaneous tissues (abscess, osteomyelitis, septic arthritis, or fasciitis) in patients who did not manifest SIRS ([@B3]). Severe DFI was defined as local infection associated with manifestation of two or more objective findings of systemic toxicity using SIRS criteria ([@B3],[@B4]). The findings of systemic toxicity include temperature (T) \>38°C or \<36°C, heart rate \>90 bpm, respiratory rate \>20 breaths/minute or partial pressure of arterial carbon dioxide \<32 mmHg, and a white blood cell count (WBC) \>12,000 cells or \<4,000 cells/μL ([@B3],[@B4]). The foot infections were classified as moderate or severe at the time of admission, and the extent of periwound erythema was documented during the initial assessment.

The University of Texas San Antonio (UTSA) wound classification was also used to grade the depth of the wound, and since this represents a study of hospitalized patients, no superficial wounds were observed. All of the wounds were infected, and the wounds were classified as either 2B, 2D, 3B, or 3D ([@B5]). Grade 2 wounds penetrate to tendon or capsule, and grade 3 wounds involve the joint, capsule, or bone. Nonischemic infected wounds are labeled as B, and infected ischemic wounds are labeled as D. Deep-tissue specimens were obtained after appropriate skin and wound preparation and sharp debridement. Tissue specimens (soft tissue and/or bone) were obtained in lieu of swab cultures. For the purposes of this study, we counted bacteria based on the number of different bacteria recovered on deep-tissue culture. For example, a deep-tissue culture that grew *Staphylococcus aureus* and *Escherichia coli* was counted as having two infecting organisms.

Major amputations were defined as amputation at the level of the ankle joint or more proximal ([@B6]). Minor amputations were defined as removal of a part of the foot at or distal to the transverse tarsal joint ([@B6]). By definition, minor amputations preserved a part of the foot. For the purposes of this study, limb salvage was defined as preservation of a part of the foot and equated to having no amputation or a minor amputation ([@B6]--[@B8]).

Statistical analysis {#s2}
--------------------

Descriptive statistics were summarized as frequencies or as mean ± SD. Examinations of normal distribution assumptions for continuous data were determined by q-q plots, histograms, and Shapiro-Wilk test. For nonnormally distributed continuous data, median and interquartile range are also presented. Two-sample Student *t* test or Mann-Whitney *U* test was performed to determine differences between moderate and severe infection groups for continuous data. Pearson χ^2^ or Fisher exact test, as appropriate, was used to compare the frequency distribution of categorical variables between moderate and severe infection groups. Univariate logistic regression was applied to assess the strength of association between predictor variables (e.g., albumin, gangrene, infection, etc.) and the dichotomous outcome of interest (e.g., infection or amputation). The magnitude of associations between the predictor variable and outcome was quantified using the odds ratio (OR) and the corresponding 95% CI. Those predictor variables showing independent association with the outcome of interest (e.g., major amputation), in terms of OR and significance level *P* \< 0.05, were selected for model fitting in a subsequent multiple logistic regression analysis using a stepwise approach. The level of significance to enter or remain in the model was set to 0.03 to allow only one variable in the model ([@B9]). OR and 95% CI were calculated from the β coefficient. Performance of the model was tested by means of the Hosmer-Lemeshow goodness-of-fit test. All tests were two-sided, and the significance level was set to 0.05. All analyses were conducted using SAS version 9.3 statistical software (SAS Institute, Inc., Cary, NC).

RESULTS {#s3}
=======

Of the 119 patients who were hospitalized for DFI, 65 patients were diagnosed with moderate infection and 54 with severe infection using SIRS. There were no significant differences between the two groups with regard to age, sex, BMI, tobacco use, type of diabetes (DM) (type 1 or 2), insulin use, duration of DM, presence of peripheral artery disease, and neuropathy or Charcot neuroarthropathy ([Table 1](#T1){ref-type="table"}). We did not identify a significant difference in the prevalence of osteomyelitis between those with severe and moderate infection ([Table 2](#T2){ref-type="table"}).
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Patients with severe DFI experienced a 2.55-fold higher risk of any amputation than patients with moderate infection (95% CI 1.21--5.36) and a 7.12-fold higher risk of major amputation (1.83--41.05). The risk of minor amputations was not significantly different between the two groups (OR 1.07 \[95% CI 0.51--2.28\]). The odds of having a severe DFI was 7.82 times higher in patients who presented with gangrene (2.03--44.81) and five times higher in patients who reported symptoms of anorexia, chills, nausea, or vomiting (2.22--11.25). Laboratory and clinical data are recorded in [Table 2](#T2){ref-type="table"}. There was not a significant difference in the need for vascular surgery between those with moderate (9%) and severe (17%) DFI (*P* = 0.22) ([Table 2](#T2){ref-type="table"}).

The mean hospital length of stay for patients with severe DFI (11.39 ± 8.67 days) was ∼4 days longer than for patients with moderate DFI (7.82 ± 6.65 days), and this difference was statistically significant ([Table 2](#T2){ref-type="table"}). Patients with severe DFI on average required more subsequent admissions to the hospital than those with moderate DFI (*P* = 0.04). The distribution of severe and moderate infections was not significantly different when using the UTSA wound classification with the exception of UTSA 2B wounds. Patients with moderate infections were more likely to have wounds that were less deep (UTSA 2B) than patients with severe infections (*P* \< 0.0001).

Major amputation was identified in 17 (14%) of the 119 patients. On univariate analysis, several variables were significantly associated with major amputation, including younger age, higher Michigan Neuropathy Screening Index (MNSI), Charcot neuroarthropathy, elevated erythrocyte sedimentation rate (ESR), lower serum albumin, elevated anion gap, subjective symptoms (nausea, vomiting, chills, and anorexia), elevated WBC on discharge, and admission oral T \>38°C ([Table 3](#T3){ref-type="table"}). Multiple logistic regression analysis using a stepwise approach demonstrated that serum albumin was a significant predictor of major amputation status (OR 0.19 \[95% CI 0.07--0.49\]). A negative estimated coefficient for serum albumin (−1.68) suggests that the risk of major amputation decreases with one unit increase in serum albumin levels. The mean number of organisms recovered on wound culture was 2.5 per infection, and patients with severe DFI had significantly more infecting organisms than patients with moderate DFI (2.83 vs. 2.19 organisms, *P* = 0.0087). Twenty different bacteria and one fungus were recovered from wound cultures, and methicillin-sensitive *S. aureus* (44%), *Streptococci* (40%), and methicillin-resistant *S*. *aureus* (30%) were the most common pathogens. All of these organisms were recovered from deep-tissue cultures obtained after debridement and were considered pathogenic by our infectious disease consultants. The most common metabolic perturbation observed in this study was hyperglycemia, as 79 of 119 patients (66%) presented with a serum glucose \>200 mg/dL. Patients with severe DFI (314.78 mg/dL) had significantly higher mean admission glucose levels than moderate infections (256.20 mg/dL) (*P* = 0.0294). Long-term glycemic control as measured by HbA~1c~ was not significantly different between the two groups ([Table 2](#T2){ref-type="table"}). Other significant abnormalities included 60 patients (50%) with tachycardia (heart rate \>90 beats minute), 56 patients (47%) with a WBC \>12,000 cells/mm^3^, 32 patients (27%) with T \>38°C, 32 patients (27%) with reduced serum CO~2~ levels (\<22 mmol/L), 29 patients (24%) with prerenal azotemia (serum urea nitrogen/creatinine ratio \>20), 18 patients (15%) with respiratory rate \>20 breaths per minute, 18 patients (15%) with an increased anion gap (\>15 mEq/L), and 3 patients (2%) with systolic blood pressure \<90 mmHg. Fifteen of the 119 patients (13%) underwent open or endovascular revascularization during the hospitalization.
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Univariate analysis of variables associated with major amputation
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CONCLUSIONS {#s4}
===========

This study validates the most recent recommendation of the IDSA to use SIRS as a method to distinguish severe from moderate DFI. Hospitalized patients with DFI who presented with SIRS had higher rates of major amputation, had longer hospital stays, required more surgery, required more subsequent admissions, and grew more organisms on wound culture than patients who did not manifest SIRS. SIRS has also been associated with inferior outcomes in other areas of surgery ([@B10],[@B11]). Patients undergoing emergent colorectal surgery who presented with SIRS experienced 1.9 times higher risk of 30-day mortality compared with patients who did not manifest SIRS ([@B11]). A study of 179 acute surgical admissions demonstrated that patients who presented with SIRS had more therapeutic interventions (39.7 vs. 16.4%, *P* = 0.001), surgical interventions (33.3 vs. 3.4%, *P* \< 0.0001), longer hospital stay (median 6 vs. 2 days, *P* \< 0.001), and more frequent deaths (11.1 vs. 2.6%, *P* \< 0.05) than patients who did not present with SIRS ([@B10]). Patients with DFI may not mount the normal inflammatory response, such as leukocytosis or fever due to immune dysfunction, and consequently those who do are at higher risk for adverse outcome ([@B12],[@B13]). In our cohort of hospitalized patients, only 47% presented with a WBC \>12,000 cells/mm^3^ and 27% with a fever \>38°C. Consequently, clinicians should be observant for other signs of infection. In addition to manifesting signs of SIRS, patients with severe DFI demonstrated significant differences in many laboratory parameters when compared with patients with moderate DFI. Inflammatory markers (ESR and C-reactive protein \[CRP\]), measurements of renal function (blood urea nitrogen \[BUN\] and creatinine), serum glucose, platelet count, and anion gap were significantly higher in patients with severe DFI ([@B9]). Conversely, serum albumin, prealbumin, and CO~2~ levels were significantly lower in patients with severe DFI. These perturbations are consistent with a robust inflammatory response that accompanies more severe infection. Subjective symptoms of fever, chills, nausea, vomiting, and anorexia were also more likely to be associated with severe infection, and heightened awareness of a serious infection should be entertained in those patients who report those symptoms.

Although the potential for major amputation is sevenfold higher in patients with severe DFI, patients with moderate DFI are also at risk as 5% of our patients required a transtibial amputation. Both groups are at significant risk for minor amputations, and approximately one-third of patients in both groups required a minor amputation. Our results are consistent with recent studies evaluating the outcomes of patients with DFI. A report from France demonstrated that nearly 48% of patients treated at specialized centers for DFI underwent lower-limb amputation during the first year of treatment ([@B14]). Another study of 141 patients (115 moderate and 26 severe DFI) reported an overall amputation rate of 43%; however, the major amputation rate was only 3.5% ([@B15]). Lavery et al. ([@B2]) reported that 77% of patients with a severe DFI required some type of amputation and that major amputations were performed in nearly 30% of patients.

The use of SIRS requires only vital signs and WBC at the time of admission, and this simplistic approach is a valid method of distinguishing severe from moderate DFI. As expected, patients with severe DFI had higher mean WBC and higher mean percentage of neutrophils on admission and discharge than patients with moderate DFI. The mean percentage improvement in WBC from admission to discharge was also significantly better in patients with severe DFI (36%) compared with moderate DFI (15%). Correction of hyperglycemia from admission to discharge was also more pronounced in patients with severe infection. The most likely explanation for this is that patients with severe DFI presented with significantly higher values, and consequently the response to treatment was more dramatic.

This study has several weaknesses that need to be acknowledged. Retrospective studies rely on the accuracy of the medical records, and data analysis is only as good as the quality of the information obtained from the medical record. The nature of our surgical practice potentially introduces bias into this study, since our service is only consulted for the most serious DFIs. The overwhelming majority of patients (110 of 119) underwent surgery for their DFI, and only 8% (nine patients) were treated nonsurgically. At our institution, patients with less serious infections are typically admitted to the medical service and do not require surgical consultation. Although this is a limitation of this study, it also provides further support for the use of SIRS. Our study group represents a cohort of hospitalized patients with limb-threatening infections, and SIRS was able to meaningfully distinguish severe from moderate infection. Approximately 30% of our patients had Charcot neuroarthropathy, and this may not be representative of a normal diabetic foot population. The most likely explanation for this is that our hospital serves as a referral center for the inpatient management of complex diabetic foot disorders such as Charcot neuroarthropathy. Another weakness of this study is that we did not evaluate the specific antibiotic regimen or the duration of antibiotic use. Our inpatient diabetic foot service uses a multidisciplinary approach using the consultative services of hospital medicine, infectious disease, endocrinology, and renal and vascular surgery, and our infectious disease consultants manage the antibiotic regimen during the hospitalization and after discharge. One of the major goals of the inpatient diabetic foot team is to reduce the rate of major amputations. Because of the small number of patients who underwent major amputation (*n* = 17), we were limited to one variable when constructing the logistic regression analysis model for significant variables associated with major amputation on univariate analysis ([@B16]). With larger numbers, it is possible that other variables in addition to serum albumin would be associated with major amputation on multiple logistic regression analysis. Although patients with severe DFI grew more organisms on culture than patients with moderate DFI, this study did not permit us to compare the various organisms recovered between patients with severe and moderate DFI.

Patients with DFI who manifest SIRS have longer hospital stays, more subsequent admissions, and higher rates of major amputation than patients who do not manifest SIRS. The use of SIRS is a valid method of classifying infection severity in hospitalized patients with DFI. Other metabolic perturbations and laboratory abnormalities are also associated with severe DFI, and physicians should recognize that not all patients will manifest a robust inflammatory response in the presence of a severe infection. Our overall limb salvage rate was 86% in a high-risk group of patients, and patients who manifested SIRS (severe infection) had lower-limb salvage rates than patients who did not manifest SIRS (74 vs. 95%).
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